Abstract Apolipoprotein E (apoE) is essential for the clearance of plasma chylomicron and VLDL remnants. The human APOE locus is polymorphic and 5-10% of APOE*2 homozygotes exhibit type-III hyperlipoproteinemia (THL), while the remaining homozygotes have less than normal plasma cholesterol. In contrast, mice expressing APOE*2 in place of the mouse Apoe ( Apoe 2/2 mice) are markedly hyperlipoproteinemic, suggesting a species difference in lipid metabolism (e.g., editing of apolipoprotein B) enhances THL development. Since apoB-100 has an LDLR binding site absent in apoB-48, we hypothesized that the Apoe 2/2 THL phenotype would improve if all Apoe 2/2 VLDL contained apoB-100. To test this, we crossed Apoe 2/2 mice with mice lacking the editing enzyme for apoB ( Apobec ؊ / ؊ ). Consistent with an increase in remnant clearance, Apoe 2/2 · Apobec ؊ / ؊ mice have a significant reduction in IDL/LDL cholesterol (IDL/LDL-C) compared with Apoe 2/2 mice. However, Apoe 2/2 · Apobec ؊ / ؊ mice have twice as much VLDL triglyceride as Apoe 2/2 mice. In vitro tests show the apoB-100-containing VLDL are poorer substrates for lipoprotein lipase than apoB-48-containing VLDL.
Apolipoprotein E (apoE) is essential for the clearance of chylomicron and VLDL remnants from the plasma. Variant apoE proteins in humans are known to cause primary dysbetalipoproteinemia [or type-III hyperlipoproteinemia (THL)], which is characterized by the accumulation of chylomicron and VLDL remnants in the plasma and a high incidence of coronary artery and peripheral vessel atherosclerosis (1) . The most common form of THL is associated with homozygosity for the APOE*2 allele, whose product, apoE-2, has Ͻ 2% normal binding to the low density lipoprotein receptor (LDLR) in vitro. However, the majority of APOE*2 homozygotes typically have normal to below normal plasma levels of cholesterol and triglycerides (TG) and only 5-10% of the homozygotes develop THL. Thus, reductions in lipoprotein clearance due to hormonal, dietary, and genetic changes resulting in reduced LDLR function or capacity are thought to trigger the THL (2) . In support of this hypothesis, some of these THL patients have other disorders such as hyperuricemia, glucose intolerance, obesity, and hypothyroidism (3, 4) . Nevertheless, the basic mechanism why only 5-10% of APOE*2 homozygotes develop THL while the remaining homozygotes have below normal cholesterol levels remains unexplained.
To approach this fundamental question, we previously generated mice ( Apoe 2/2 mice) which solely express the APOE*2 allele under the control of the endogenous mouse Apoe promoter by using a gene-targeted replacement strategy (5) . Surprisingly, all the Apoe 2/2 mice, regardless of age and gender, exhibit many characteristics of THL, while mice similarly made to express only the APOE*3 allele ( Apoe 3/3 mice) have a normal plasma lipid profile (6) . Dissecting the basis for the complete penetrance of THL phenotype in Apoe 2/2 mice would likely contribute to a better understanding of the mechanism of THL in humans. For example, decreased binding of the apoE-2 in the Apoe 2/2 mice to the LDLR as compared with Apoe 3/3 mice is likely one component of the THL phenotype because a modest increase in expression of the LDLR can eliminate the hyperlipoproteinemia in the Apoe 2/2 mice (7).
At present, it is unknown what influence, if any, the different structural protein components of the remnant lipoprotein particles have in THL. In humans, each chylomicron contains a single apoB-48, and each VLDL contains a single apoB-100. The transcripts for the apoB-48 are made by editing of nascent APOB transcripts, which introduces a translational stop codon at 48% of the full length coding sequence, as compared with the unedited transcripts which generate apoB-100 (8, 9) . Unlike apoB-100, apoB-48 lacks LDLR binding domains, and consequently apoB-48-containing lipoproteins are totally dependent on apoE for clearance. Mice differ from humans, and produce apoB-48-containing particles from both the liver and intestine, and approximately 20-30% of apoB-containing particles in fasting mouse plasma contain apoB-48 (10, 11) . The levels of apoB-48 containing particles produced by the liver, in the fed state, are speculated to be higher since feeding increases Apob mRNA editing (11) . Since apoB-48 is dependent on apoE for clearance, the higher amount of apoB-48-containing lipoproteins in mice likely contributes to the THL phenotype in the Apoe 2/2 mice.
In this paper, we hypothesized that the hyperlipidemic phenotype of the Apoe 2/2 mice would be improved if all chylomicrons and VLDL in the Apoe 2/2 mice had apoB-100 only and were cleared independently of apoE. Therefore, we made Apoe 2/2 mice that are deficient in apoB-100 mRNA editing, thus producing only apoB-100 containing VLDL and chylomicrons.
EXPERIMENTAL PROCEDURES

Mice
Mice used in this study were generated from crosses of APOE*2 replacement mice with Apobec-1 knock out mice ( Apobec Ϫ / Ϫ ) kindly provided by Dr. Edward Rubin, Lawrence Berkley National Laboratory (12) . Double homozygous Apoe 2/2 · Apobec Ϫ / Ϫ mice and controls ( Apoe 2/2 ) used in experiments were littermates generated from crosses of compound heterozygous mice ( Apoe 2/ ϩ · Apobec ϩ / Ϫ ) with Apoe 2/2 mice followed by intercrossing Apoe 2/2 · Apobec ϩ / Ϫ mice. They had mixed genetic background between C57BL/6 and 129. The mice were maintained on PRO-LAB ISOPRO RMH 3000 diet. All procedures were approved by the University of North Carolina at Chapel Hill Institutional Animal Care and Use Committee. Mice were genotyped using PCR. Reaction conditions were 94 Њ C 1 min, followed by 45 cycles of 94 Њ C 20 s, 60 Њ C 30 s, 72 Њ C 30 s, with a final 5 min at 72 Њ C. APOE*2 locus primers and products. PGKpolyA (5 Ј GCAGCCTC TGTTCCACATACACT3 Ј ) and exon 4 (5 Ј TTGATTCTCCTGG GCCACTG3 Ј ) primers produced an ‫ف‬ 350 bp fragment diagnostic for the APOE*2 locus while intron 2 (5 Ј GCAAGAGGTGA TGGTACTCG3 Ј ) and intron 3 (5 Ј GTCTCGGCTCTGAACTAC ATAG3 Ј ) primers amplified the wild-type locus giving an ‫ف‬ 600 bp product. These primers were used in a multiplex reaction.
Apobec Ϫ / Ϫ locus primers and products. PGKpolyA (5 Ј GCAGCCTC TGTTCCACATACACT3 Ј ) and intron 6 (5 Ј TTCCCAGTAGCA ACAACCACAGA3 Ј ) primers amplified the Apobec Ϫ / Ϫ locus giving an ‫ف‬ 260 bp fragment, and the exon 6 (5 Ј TGAGCCGACACCC CTATGTAACTCT3 Ј ) and intron 6 primers amplified the wildtype locus giving an ‫ف‬ 350 bp fragment.
Plasma lipoprotein analysis
After a 5 h fast, the mice were anesthetized with avertin, and blood was collected from the retroorbital sinus into microcentrifuge tubes containing 0.007 TIU aprotinin (Sigma), 0.19 mg EDTA, and 50 g gentamicin per 200 l of blood. Plasma total cholesterol (TC) was determined using a diagnostic kit (Wako Chemicals Inc.) as per kit instructions. For TG measurements, a Sigma diagnostic kit was used as per kit instructions. HDL cholesterol (HDL-C) was determined as previously described (13) . ApoE was measured using an ELISA with antibodies specific for human apoE as described (14) . For gel filtration analysis with fast protein liquid chromatography (FPLC), 100 l of pooled plasma from the indicated mice was fractionated using a Superose 6 HR1/30 column (Pharmacia Biotech Inc.). For each 0.5 ml fraction collected, TC, TG, and apoE concentrations were determined.
Agarose gels, SDS-PAGE, and Western blot analyses
Fasted plasma lipoproteins were fractionated by ultracentrifugation using a Beckmann TLA 120.2 rotor at 70,000 rpm for 8 h at 4 Њ C in a Beckman Optima TLX for each fraction. Fractions collected were d ϭ 1.006, 1.02, 1.04, 1.06, 1.08, 1.10, and 1.21 g/ml. Fractions were dialyzed in 50 mM Tris, 1 mM EDTA, and 10 mM NaCl at 4 Њ C, and plasma equivalents were loaded on precast 4-15% acrylamide gels (BioRad) or precast 1% agarose gels (Helena Laboratories). Molecular weight standards (BioRad) were used to determine size of detected proteins. Stained gels were scanned and analyzed with NIH Image software version 1.62. Western blots were probed with a rabbit polyclonal (1:10,000) anti-mouse apoB antibody (a kind gift from Dr. Harshini DeSilva) followed by a conjugated goat anti-rabbit antibody (1:40,000) (Calbiochem). Chemiluminescence (Amersham Pharmacia Biotech) was used for detection of all secondary antibodies. Hybridization buffer was 1% nonfat dry milk in PBS.
Lipoprotein lipase assay
The ability of VLDL to act as a substrate for lipoprotein lipase (LpL) was measured according to van Dijik et al. (15) with some modifications. Plasma VLDL from individual animals was isolated by ultracentrifugation at d Ͻ 1.006 g/ml and dialyzed. Samples were diluted with reaction buffer to 100 l aliquots containing 2, 4, 8, and 16 g of VLDL-TG. These were incubated at 37ЊC for 10 min. Reaction buffer was 0.1 M Tris pH 8.5 plus 1.0% fatty acid free BSA. One hundred and fifty milliunits of bovine milk LpL (Sigma-Aldrich, diluted to 15 U/ml with 0.1 Tris, 20% glycerol v/v, pH 8.5) was added and the samples were incubated for another 10 min. The reactions were terminated by adding 50 l of stop solution (50 mM KH 2 PO 4 , 0.1% v/v Triton X-100, ph 6.9) and placed on ice. Free fatty acids (FFA) were measured using the non-esterified free fatty acid kit (NEFA C, Wako Chemicals). Duplicate samples, without LpL, were incubated to determine background FFA release. The FFA concentration for each sample was plotted followed by curve fitting to a rectangular hyperbola using Dataraid software (written by Dr. Jolyon Jesty at the State University of New York at Stony Brook). 
VLDL compositional analysis
The VLDL used in the lipase assay was analyzed for phospholipid (PL), free cholesterol (FC), TC, and TG using commercial kits from Wako Chemicals (PL, FC, and TC) and SigmaAldrich (TG) as per kit instructions. Total protein was measured using the Bradford assay (Pierce). Cholesterol ester (CE) mass was estimated by multiplying the difference between FC and TC by a factor of 1.67 (16) . Percentages of TG, FC, PL, CE, and protein in the total mass were then calculated. Two-tailed Student's t-test and linear correlation were used to analyze statistical significance.
Triglyceride secretion assay
The liver secretion of TG was assayed as described (17) . Briefly, a 10% solution of Triton WR-1339 (Tyloxapol, Sigma-Aldrich) in 0.9% saline was injected into the tail vein at a dose of 0.7 mg/g body weight (total volume injected was ‫002ف‬ l). Approximately 75 l of blood was collected at time 0 (i.e., before Tyloxapol injection), 30 min. (i.e., after tyloxapol injection), 60 min, 120 min, and 180 min using non-heparinized capillary tubes and was immediately added to microcentrifuge tubes containing aprotinin (Sigma-Aldrich), EDTA, and gentamicin. Plasma TG concentrations (mg/dl) were then measured and normalized for liver weight. The mols TG secreted were then estimated for average total body plasma volume (4.5% of body weight) as previously reported in the mouse (18) . These TG values (mols/g liver weight) were then plotted against time for each mouse, and a linear curve fit was performed. The slopes from the curve fit equations were used to calculate the mols of TG secreted per gram of liver per hour and analyzed by t-test.
RESULTS
Plasma lipids
Plasma lipid and lipoprotein profiles in the Apoe 2/2 · Apobec Ϫ/Ϫ mice were significantly different from those in the Apoe 2/2 mice. Both females and males had significantly increased plasma TG ‫%06ف(‬ and 100%, respectively) ( Table  1 ). In addition, the females had an ‫%81ف‬ decrease in TC (P ϭ 0.03, student's t-test) while the males had an ‫%06ف‬ increase in HDL-C concentrations (P ϭ 0.01, student's t-test)( Table 1) . FPLC fractionation of the plasma followed by lipid analysis of each fraction showed the increase in TG of the Apoe 2/2 ·Apobec Ϫ/Ϫ mice was localized to the VLDL fractions and the decrease in TC in the females was localized to the LDL fractions (Fig. 1, left panel) . A slight decrease in LDL-C was also seen in males (Fig. 1, right panel) .
ApoE concentration and distribution
Plasma apoE-2 concentrations were similar between the Apoe 2/2 ·Apobec Ϫ/Ϫ and Apoe 2/2 mice (Table 1) . However, apoE-2 distribution in FPLC fractions was very different in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice having a reduction of ‫-05ف‬ 60%, particularly in the IDL/LDL fractions (Fig. 1) . This apoE-2 distribution parallels the cholesterol reduction as seen in the same FPLC fractions. These findings suggest the Apoe 2/2 ·Apobec Ϫ/Ϫ mice have markedly less apoE bound to lipoproteins ‫%05ف(‬ and ‫%03ف‬ less in females and males, respectively). In the males, but not in the females, apoE-2 was reduced slightly in the HDL fractions. In both male and female Apoe 2/2 ·Apobec Ϫ/Ϫ mice, the amount of apoE-2 associated with the VLDL fraction was similar to that in the Apoe 2/2 mice despite the larger difference in VLDL-TG.
Characteristics of lipoproteins fractionated by ultracentrifugation
To further investigate the apolipoprotein content of plasma lipoproteins in the females, plasma from 10 mice of each genotype was pooled and fractionated by ultracentrifugation. Plasma equivalents of these fractions were separated by SDS polyacrylamide gel electrophoresis ( Fig. 2A,  B) . The Apoe 2/2 ·Apobec Ϫ/Ϫ plasma had less apoE-2 in the 1.02-1.04 fractions (Fig. 2A, right) , as compared with the Apoe 2/2 plasma where apoE-2 was more evenly present in fractions 1.006-1.04 ( Fig. 2A, left) . ApoA-I was primarily associated with fractions 1.08-1.21 g/ml in the Apoe 2/2 · Apobec Ϫ/Ϫ mice as compared with the Apoe 2/2 mice that had a wider distribution of apoA-I, including the 1.04 and 1.06 fractions. Gels with reduced sample volume show (Fig.  2B ) about a 1:2 ratio of apoB-100:B48 in the Apoe 2/2 VLDL while no apoB-48 was detectable in the Apoe 2/2 ·Apobec Ϫ/Ϫ VLDL. We estimated, by scanning densitometry of the coomassie stained SDS-PAGE gel, the total amount of apoB (apoB-48 plus apoB-100) in the Apoe 2/2 ·Apobec Ϫ/Ϫ plasma VLDL was twice that in the Apoe 2/2 plasma VLDL. This increase in VLDL apoB was also seen in males (data not shown). In addition, the Apoe 2/2 ·Apobec Ϫ/Ϫ plasma had ‫%81ف‬ more apoE in the 1.006 fraction but ‫%62ف‬ less in the 1.02 fraction than the same fractions from Apoe 2/2 plasma. Therefore, in Apoe 2/2 ·Apobec Ϫ/Ϫ plasma, VLDL are doubled, and the distribution of apoE and apoA-I is restricted to the VLDL fractions and HDL fractions, respectively.
When these ultracentrifugation fractions were separated on agarose gels and stained with fat red 7B, we found increased staining in the 1.006 fraction and less in the 1.02 and 1.04 fractions in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice as compared with the Apoe 2/2 mice (Fig. 2C, top) . These findings confirm the FPLC distribution of high VLDL-TG levels in the Apoe 2/2 ·Apobec Ϫ/Ϫ plasma. Immunoblots of the ultracentrifugation fractions using a polyclonal apoB antibody showed an ‫%06ف‬ decrease in apoB containing lipoproteins in the 1.06 and their absence in 1.08 fractions (Fig. 2C, bottom) . Again, these findings were consistent with the FPLC analyses that showed low IDL/LDL-C levels in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice. Phospholipid levels measurements of the ultracentrifugation fractions showed an ‫%52ف‬ increased in VLDL-PL and an ‫%07-05ف‬ decreased in LDL-PL (fractions 1.04-1.06) in the Apoe 2/2 ·Apobec Ϫ/Ϫ compared with those in the Apoe 2/2 (Fig. 2D) . In summary, the Apoe 2/2 ·Apobec Ϫ/Ϫ mice have reduced IDL/LDL particles and increased VLDL particles as compared with the Apoe 2/2 mice.
Triglyceride secretion An increase in TG particle secretion could increase steady state levels of plasma TG in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice. To test this possibility, we injected the Apoe 2/2 · Apobec Ϫ/Ϫ and Apoe 2/2 mice with Triton WR-1339 and measured the accumulation of plasma TG over time. As shown in Fig. 3 , there was no significant difference in TG secretion rates between the Apoe 2/2 ·Apobec Ϫ/Ϫ and Apoe 2/2 mice. Therefore, the difference in plasma TG is not due to differences in secretion rates of VLDL.
VLDL composition
The proportional masses of CE, FC, PL, TG, and protein in the Apoe 2/2 ·Apobec Ϫ/Ϫ VLDL (n ϭ 5) and the Apoe 2/2 VLDL (n ϭ 5) (Fig. 4) showed that the Apoe 2/2 · Apobec Ϫ/Ϫ VLDL, as compared with Apoe 2/2 , have significantly high TG (47.6 Ϯ 1.6% vs. 37.4 Ϯ 2.8%, P ϭ 0.01) and low esterified cholesterol (18.0 Ϯ 1.4% vs. 25.3 Ϯ 2.4%, P ϭ 0.03). The percent of core lipids (TG plus CE mass) were, however, about equal. On an individual animal basis, CE content and TG content were inversely correlated each other (r ϭ Ϫ0.99). Protein content was not different (10.6 Ϯ 0.3% vs. 10.3 Ϯ 0.1%, P ϭ 0.4). Because VLDL-CE in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice is 30% lower than that in the Apoe 2/2 mice (Fig. 4) , the Apoe 2/2 ·Apobec Ϫ/Ϫ VLDL could be up to 30% larger in size, or 30% more in number, or a combination of both. However, since VLDL apoB levels are higher in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice, as judged from PAGE gels (Fig. 2) , the actual number of VLDL particles in these mice is likely increased. Thus, these data suggest 
LpL assay
We examined whether the increased steady state levels of VLDL-TG in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice was caused by a reduced lipolysis of VLDL-TG by LpL as compared with Apoe 2/2 mice. Free fatty acid released from VLDL-TG by LpL was 2.8 Ϯ 0.5 nmol FFA/min/U in the Apoe 2/2 · Apobec Ϫ/Ϫ mice (n ϭ 5) as compared with 4.5 Ϯ 0.8 nmol FFA/ml/U in the Apoe 2/2 mice (n ϭ 4, Fig. 5 ). This 62% difference was significant (P Ͻ 0.01). There is a significant correlation between the VLDL-FFA release (Fig. 5) and the PL percentage of VLDL particle mass (Fig. 4) (r ϭ 0.69, P ϭ 0.04). This implies that the VLDL with a lower percentage of PL release less FFA under our assay conditions. We also find that the mass percentage of PL per VLDL particle is lowest in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice (P Ͻ 0.0001). This difference in individual VLDL-PL is probably a result of the increased VLDL-TG and not a cause of the decreased LpL lipolysis. Taken together with the fact that the TG secretion rates in the two groups of mice are the same, a significant part of the increase in steady state levels of plasma VLDL-TG in the Apoe 2/2 · Apobec Ϫ/Ϫ mice results from a reduction in lipolysis of VLDL-TG.
DISCUSSION
Apoe 2/2 mice expressing human apoE-2 isoform in place of mouse apoE exhibit exaggerated THL compared with the majority of humans homozygous for APOE*2 who have relatively low plasma cholesterol levels. The predominant apoB containing lipoprotein accumulating in the Apoe 2/2 mice contains apoB-48 (5) . In this paper, we examined whether or not this exaggerated THL phenotype is because mice produce apoB-48 containing VLDL particles from the liver. This is in contrast to human liver VLDL that are entirely apoB-100 containing lipoproteins. We hypothesized that if the Apoe 2/2 mice had only apoB-100 containing lipoprotein particles, their hyperlipoproteinemic phenotype would be improved due to increased clearance of the human-like VLDL remnants. Various other studies support this hypothesis. For example, apoB-48-containing particles are the primary circulating apoB-containing lipoprotein in apoE deficient mice (19) . Changing the apoB in Apoe Ϫ/Ϫ mice to totally apoB-100 by crossing them to Apobec Ϫ/Ϫ mice or with apoB-100 only mice have shown to decrease their total plasma cholesterol by about 55% (20) or 20% (21), respectively. These decreases were in both VLDL-C and LDL-C, and resulted from increased clearance of lipoprotein particles most likely via the apoB-100 binding to LDLR (20, 21) . Thus, it can be argued that the plasma lipid profile in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice should improve. However, the overall THL phenotype did not improve in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice when they produced only apoB-100-containing VLDL and chylomicrons.
The exclusive presence of apoB-100 on lipoprotein particles in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice did alter the metabolism of the lipoprotein particles. Similar to the majority of human APOE*2 homozygotes without THL, female Apoe 2/2 · Apobec Ϫ/Ϫ mice had a small but significant reduction in IDL/LDL. The reduction in males was however not significant. It should be noted there is a sex predilection for low LDL in female APOE*2 homozygotes that also have familial hypercholesterolemia (22) . In the Apoe 2/2 ·Apobec Ϫ/Ϫ mice, there are two possible explanations for the reduction of cholesterol in the IDL/LDL range particles. It could directly result from increased clearance of apoB-100 lipoproteins through binding of apoB-100 to the LDLR. Furthermore, LDL clearance may be enhanced by the poor competition of apoE-2-containing remnants with apoB-100 containing LDL for the LDLR (23) or by the up regulation of the LDLR in THL (24) . Alternatively, the reduced IDL/LDL-C could be from decreased conversion of VLDL particles to IDL/LDL particles. ApoB-100 associated with VLDL is not in a conformation that binds well to the LDLR. For apoB-100 to become an effective ligand, conversion of VLDL to IDL/LDL mainly through lipolysis is required to expose LDLR binding sites in apoB-100. Although there were no significant increases in either VLDL-C or apoE in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice compared with the Apoe 2/2 mice, there was a 2-fold increase in TGrich apoB-100 VLDL. This suggests that there is decreased conversion of VLDL to IDL/LDL and/or increased VLDL secretion.
We found that the Apoe 2/2 ·Apobec Ϫ/Ϫ VLDL particles are poorer substrates for LpL than the Apoe 2/2 VLDL, showing a reduced rate (62%) of free fatty acid release in vitro. This appears to be a major reason for the TG increase because there is no difference in TG secretion rates between the Apoe 2/2 ·Apobec Ϫ/Ϫ and Apoe 2/2 mice. Increases in apoE plasma levels can have a dose dependent inhibition on LpL activity (25) (26) (27) (28) . However, we found the Apoe 2/2 · Apobec Ϫ/Ϫ mice have similar amounts of plasma and VLDL apoE-2 as compared with the Apoe 2/2 mice, which excludes the levels of apoE-2 as a cause for decrease in VLDL lipolysis. We note, however, that a possibility remains that the reduced clearance of VLDL through receptor-mediated pathways and/or HSPG-mediated endocytosis could also be contributing to the increased VLDL and VLDL TG in the Apoe 2/2 ·Apobec Ϫ/Ϫ mice. To further characterize the catabolism of TG in vivo, the response of Apoe 2/2 ·Apobec Ϫ/Ϫ and Apoe 2/2 mice to oral fat challenge was performed and revealed no difference between the mice (data not shown). This was a surprise, but may be partly explained by the recent finding that the Apobec1 Ϫ/Ϫ mice have reduced fat absorption as compared with wild-type mice (29) .
Similar degrees of increase in VLDL-TG have been seen in other animal models where apoB-100 was exclusively present on lipoproteins, although their mechanism has not been explored. These models include Apoe Ϫ/Ϫ Apobec Ϫ/Ϫ mice (20) , LDLR Ϫ/Ϫ Apobec Ϫ/Ϫ mice (20) , and apoB-100 only mice with or without a functional apoE (21) . Thus, our results of apoB-100 containing lipoproteins not being as efficient a substrate for LpL as compared with apoB-48 lipoproteins can also explain the increased VLDL-TG in these other apoB-100 exclusive mice. In fact, absence of apoE and decreased VLDL conversion are likely the reason for the accumulation of the less atherogenic large VLDL in the Apoe Ϫ/Ϫ apoB-100 only mice verses the more atherogenic small LDL that accumulate in the LDLR Ϫ/Ϫ apoB-100 only mice (30, 31) . The decreased lipolysis could be due to a decreased efficiency of interaction of apoB-100 VLDL with LpL as compared with apoB-48 VLDL. These findings suggest a possibility that apoB-100-containing particles are more resistant to lipolysis by LpL, possibly due to the presence of the C-terminal half of the apoB-100 protein that is missing in apoB-48. If true, lipoproteins containing truncated apoB could be used to "map" this LpL inhibition segment in apoB-100. For example, an increase in apoB lipoprotein clearance was first seen in humans with truncated apoB protein (apoB-75 and apoB-89) containing lipoproteins (32) (33) (34) (35) . Furthermore, mice producing apoB-70 (36) or apoB-81 (37) in place of apoB-100 have below normal TG levels. In mice with truncated apoB-81 and apoB-83, a decrease in production of apoB lipoproteins and an increase in truncated apoB lipoprotein clearance have been reported (38, 39) . This increased clearance of the truncated apoB lipoproteins is due to a loss of the C-terminus of apoB, which possibly inhibits VLDL binding to the LDLR (40) . VLDL lipolysis in these apoB-truncated mice has not been measured. In vitro assays have shown that apoE inhibits LpL and some of this inhibition is associated with the LDLR binding region of apoE (41) . This region is highly homologous to the LDLR binding site B of apoB-100 (40) . Therefore, site B and other C-terminal areas may be re- sponsible for the inhibitory activity of apoB-100 on LpL hydrolysis of VLDL.
In summary, we have shown that the presence of an additional LDLR binding site on apoB containing lipoproteins does not improve the type-III hyperlipoproteinemia seen in Apoe 2/2 mice. The Apoe 2/2 ·Apobec Ϫ/Ϫ mice had slightly improved LDL-C levels but much worsened plasma VLDL-TG levels. These changes result from the Apoe 2/2 · Apobec Ϫ/Ϫ apoB-100 VLDL being a less suitable substrate for LpL as compared with the predominately apoB-48 VLDL in Apoe 2/2 mice. We speculate that the C-terminus of apoB-100 has an additional and important role in controlling the interaction of apoB lipoproteins with LpL just as it does in apoB-100 interactions with the LDLR (40, 42) . This difference in LpL catabolism may explain the common observation that chylomicrons (apoB-48 lipoproteins) can out-compete VLDL (apoB-100 lipoproteins) for conversion to remnant lipoproteins (43) . Why the majority of human APOE*2 homozygotes with defective apoE-2 have better than normal plasma lipid and lipoprotein profiles remains to be explained.
